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POWER MEASUREMENT IN A TWO - WIRE load 110 by a second wire 114 , and to an electrical path 
LOAD CONTROL DEVICE between the load 110 and a return side of the AC source 108 

by a third wire 116 . The first wire 112 may be referred to as 
CROSS - REFERENCE TO RELATED a hot wire , the second wire 114 may be referred to as a 

APPLICATIONS 5 switched - hot or dimmed - hot wire , and the third wire 116 
may be referred to as a neutral wire . 

This application is a continuation of U . S . application Ser . The controllably conductive device ( not shown ) may 
No . 13 / 793 , 308 , filed on Mar . 11 , 2013 , which claims the operate in respective non - conductive and conductive states 
benefit of U . S . Provisional Application No . 61 / 700 , 951 , filed within respective portions of each half - cycle of an AC on Sep . 14 , 2012 , both of which are incorporated by refer - 10 waveform provided by the AC source . The controllably ence in their entirety . conductive device may be switched from the non - conductive 

to the conductive state in response to a triggering signal . In BACKGROUND a forward phase control system , generation of a triggering 
Many utility providers are now deploying “ smart grid ” 15 $ 18 deploving smart grid " 15 signal may be synchronized with the AC line voltage such 

technologies into respective portions of the power grid . that the triggering signal is generated at a certain time after 
Smart grid technologies may enhance the respective abilities a zero crossing is detected . Responsive to the triggering 
of utility providers and their consumers to communicate signal , a gate of the controllably conductive device may be 
with each other and to decide how and when electrical energized , causing the controllably conductive device to 
energy should be produced or consumed . 20 operate in the conductive state for the remainder of the AC 
Some smart grid applications may enable time - based half - cycle . 

electricity pricing . For example , a consumer who typically During the time interval between the zero crossing and the 
pays a fixed rate per kilowatt - hour ( kWh ) may configure an gate triggering , the controllably conductive device may 
appliance equipped with a smart grid application , e . g . , to set operate in the non - conductive state . When the controllably 
an electricity usage threshold for the appliance or to adjust 25 conductive device is operating in the non - conductive state , 
the appliance ' s electricity usage behavior , to take advantage effectively no power is supplied to the load . The load control 
of fluctuating prices . Additionally , smart grid applications device may be configured to allow for alteration of the time 
may enhance opportunities for demand response , e . g . , by interval , such as in response to adjustment of a user - operable 
providing real time power consumption data to electricity control ( e . g . , a dimming knob or a slider ) or in response to 
producers or consumers . An example of providing real time 30 changes in a dimming level signal . Altering the time interval 
power consumption data includes measuring the power between the zero crossing and the gate triggering ( and , 
consumption of a load at one or more respective points in thereby affecting the conduction angle of the controllably 
time over a given interval , averaging the power consumption conductive device ) affects the root - mean - square ( RMS ) 
values measured during the interval , and providing the power delivered to the load 110 . See , for example , com 
averaged power consumption as the real time power con - 35 monly - assigned U . S . Pat . No . 5 , 430 , 356 , entitled “ Program 
sumption of the load . mable Lighting Control System With Normalized Dimming 
Smart grid applications may require the use of an energy For Different Light Sources , ” the entire disclosure of which 

management system ( EMS ) to provide automated control is incorporated herein by reference . Thus , the controllably 
and / or monitoring of electricity - consuming devices , such as conductive device may be switched to affect the AC voltage 
lighting , appliances , etc . An EMS may collect electricity 40 waveform provided to the load 110 , thereby controlling the 
usage data , such as power consumption data , from the power delivered to the load . 
devices , and may use that data to perform self - diagnostic The three - wire load control device 104 has three AC 
and optimization routines , to perform trend analysis , to waveforms available to it : an AC input voltage waveform 
generate annual consumption forecasts , and the like . 118 , which may be measured between the first wire 112 and 

Load control devices , such as electronic switches and 45 the third wire 116 ; an AC device voltage waveform 120 , 
dimmers , may be used to control the amount of power which may be measured between the first wire 112 and the 
delivered from an alternating current ( AC ) source to a load second wire 114 ; and an AC load voltage waveform 122 , 
that consumes the power . Such a load control device can be which may be measured between the second wire 114 and 
configured to calculate an amount of power consumed by a the third wire 116 . 
load . The power consumption data may be communicated 50 Because the three - wire load control device 104 always 
from the load control device to an EMS or a user of the load has the AC load voltage waveform 122 available to it , the 
control device . three - wire load control device 104 can be configured to 

FIG . 1A depicts an example load control system 100 that compute power consumed by the load 110 over a given time 
includes a three - wire load control device 104 . The three - interval . Power consumed by the load 110 may be deter 
wire load control device 104 may be electrically connected 55 mined by multiplying the voltage drop across the load 110 
between an AC source 108 and a load 110 . The three - wire by the current flowing through the load 110 . The three - wire 
load control device 104 may be operable to control an load control device 104 can be configured to measure the 
amount of power delivered from the AC source 108 to the current it supplies to the load 110 during any given time 
load 110 . The load 110 may be a lighting load , for example , interval . And , because the three - wire load control device 104 
or any other electrical load . 60 has the AC load voltage waveform available 122 to it , it can 

The three - wire load control device 104 may be an elec - also be configured to determine the voltage drop across the 
tronic switch or dimmer for example . The three - wire load load 110 during any given time interval . Thus , because the 
control device 104 may include a controllably conductive three - wire load control device 104 always has available to it 
device , such as a thyristor ( e . g . , a triac ) , operable to control both the current supplied to the load 110 and voltage 
an amount of power delivered from the AC source 108 to the 65 dropped across the load 110 , the three - wire load control 
load 110 . The three - wire load control device 104 may be device 104 can be configured to compute power consumed 
connected to the AC source 108 by a first wire 112 , to the by the load 110 over any given time interval . 

su 
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FIG . 1B depicts an example load control system 102 that voltage waveform and the current supplied to the lighting 
includes a two - wire load control device 106 . The two - wire load during the second portion of the half - cycle . 
load control device 106 may be electrically connected two - wire lighting control device for controlling an 
between an AC power source 108 and a load 110 . The amount of power delivered from an alternating current ( AC ) 
two - wire load control device 106 may be operable to control 5 power source to an electrical load . The lighting control 
an amount of delivered from the AC source 108 to the load device may include a controllably conductive device that is 
110 . configured to be coupled in series electrical connection 

The two - wire load control device 106 may be an elec between the AC power source and the lighting load . The 
tronic switch or dimmer for example . The two - wire load lighting control device may include a control circuit that is 
control device 106 may include a controllably conductive onductive 10 configured to control the amount of power delivered to the 
device , such as a thyristor ( e . g . , a triac ) , operable to control lighting load by rendering the controllably conductive 
an amount of power delivered from the AC power source device non - conductive during a first portion of a half - cycle 
108 to the load 110 . The two - wire load control device 106 of an AC waveform and rendering the controllably conduc 

tive device conductive during a second portion of the may be connected to the AC power source 108 by a first wire 15 15 half - cycle . The lighting control device may include a control 112 and to the load 110 by a second wire 114 . The first wire circuit adapted to measure a voltage across the two - wire 
112 may be referred to as a hot wire . The second wire 114 lighting control device during a first portion of the half 
may be referred to as a switched - hot or dimmed - hot wire . As cycle . The control circuit may be adapted to compute an 
described above , the controllably conductive device ( not estimated voltage across the lighting load during a second 
shown ) may operate in respective non - conductive and con - 20 portion of the half - cycle based on the voltage measured 
ductive states within respective portions of each half - cycle across the two - wire lighting control device during the first 
of an AC input voltage waveform provided by the AC power portion of the half - cycle . The control circuit may be adapted 
source . to measure a current supplied to the lighting load during the 

Unlike the three - wire load control device 104 described second portion of the half - cycle . The control circuit may be 
above , the two - wire load control device 106 does not have 25 adapted to compute , based on the estimated voltage and the 
the AC load voltage waveform 122 available to it . Accord measured current , an estimated power consumed by the 
ingly , the two - wire load control device 106 cannot be lighting load during the second portion of the half - cycle . 
configured to determine the actual voltage drop across the A method may estimate power consumption of a lighting 
load 110 . Consequently , the two - wire load control device load using a two - wire lighting control device . The lighting 
106 cannot be configured to compute the actual power 30 control device may be configured to control an amount of 
consumed by the load 110 over any given time interval by power delivered from an alternative current ( AC ) power 
merely multiplying the actual voltage drop across the load source to the lighting load . The lighting control device may 
by the actual current flowing through the load during the have a controllably conductive device that is configured to 
given time interval . It would be desirable if there were operate in a non - conductive state during a first portion of a 
available a two - wire load control device capable of com - 35 half - cycle of an AC waveform and in a conductive state 
puting and reporting an accurate estimate of real - time power during a second portion of the half - cycle . The method may 
consumption of a corresponding load . include measuring a voltage across the two - wire lighting 

control device during the first portion of the half - cycle . The 
SUMMARY method may include generating a complementary voltage 

40 waveform that approximates a voltage across the lighting 
A two - wire lighting control device may be configured to load during the second portion of the half - cycle , wherein the 

control an amount of power delivered from an alternating complementary voltage waveform is based on the voltage 
current ( AC ) power source to a lighting load . The lighting measured across the two - wire lighting control device during 
control device may include a controllably conductive device the first portion of the half - cycle . The method may include 
that is configured to be coupled in series electrical connec - 45 measuring a current supplied to the lighting load from the 
tion between the AC power source and the lighting load . The two - wire lighting control device during the second portion 
lighting control device may include a control circuit that is of the half - cycle . The method may include computing an 
configured to render the controllably conductive device estimated amount of power consumed by the lighting load 
non - conductive during a first portion of a half - cycle of an based on the complementary voltage waveform and the 
AC waveform and render the controllably conductive device 50 current supplied to the lighting load during the second 
conductive during a second portion of the half - cycle to portion of the half - cycle . 
control the amount of power delivered to the lighting load . 
The lighting control device may include a voltage measuring BRIEF DESCRIPTION OF THE DRAWINGS 
circuit that measures a voltage across the two - wire load 
control device during the first portion of the half - cycle . The 55 FIG . 1A depicts an example load control system that 
lighting control device may include a signal generator that includes a three - wire load control device . 
generates a complementary voltage waveform that approxi - FIG . 1B depicts an example load control system that 
mates a voltage across the load during the second portion of includes a two - wire load control device . 
the half - cycle , wherein the complementary voltage wave - FIGS . 2A - 2D depict example waveforms representing 
form is based on the voltage measured across the two - wire 60 voltage across the two - wire load control device in a forward 
lighting control device during the first portion of the half - phase - control dimming system . 
cycle . The lighting control device may include a current FIGS . 3A - 3D depict example waveforms representing 
measuring circuit that measures a current supplied to the voltage across the corresponding load in a forward - phase 
lighting load from the two - wire lighting control device control dimming system . 
during the second portion of the half - cycle . The control 65 FIGS . 4A - 4D depict example waveforms representing 
circuit may compute an estimated amount of power con - current supplied to the load in a forward - phase - control 
sumed by the lighting load based on the complementary dimming system . 
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FIG . 5 is a block diagram of an example a load control phase - control dimming system when the load is a resistive 
system that includes a two - wire load control device config load , for example , an incandescent lamp . As shown , the load 
ured to estimate real - time power consumption by a load current waveforms depicted in FIGS . 4A - 4D correspond to 
controlled by the two - wire load control device . the waveforms depicted in FIGS . 3A - 3D . That is , when the 

FIG . 6A depicts an example of sampling voltage values of 5 controllably conductive device is in the non - conductive 
an observed portion of a voltage waveform during a first state , the amount of load current is supplied to the load is 
portion of a half - cycle of the waveform . effectively zero . Conversely , when the controllably conduc 

FIG . 6B depicts an example complementary waveform tive device is in the conductive state , operating current is 
that is representative of extrapolated voltage values during a supplied to the load . Alternatively , the load current supplied 
second portion of the half - cycle of the waveform illustrated 10 to a capacitive or inductive load may be out of phase with 
in FIG . 6A . the dimmed - hot voltage applied to the load . In addition , 

FIGS . 7A - 7E depict various voltage waveforms . some electrical loads , such as screw - in compact fluorescent 
FIG . 8 is a flow diagram of an example method for power lamps and screw - in light - emitting diode light sources , may 

measurement and reporting by a two - wire load control conduct load current that is not sinusoidal . 
device . 15 FIG . 5 depicts an example load control system 500 that 

includes a “ two - wire ” load control device 502 . The two - wire 
DETAILED DESCRIPTION load control device 502 may be electrically connected 

between a source of electrical energy , for instance an alter 
FIGS . 2A - 2D depict example phase - control waveforms nating current ( AC ) power source 504 , and an electrical load 

representing voltage across a two - wire load control device 20 506 , such as the illustrated lighting load , for example . The 
( e . g . , two - wire load control device 502 shown in FIG . 5 ) in two - wire load control device 502 may be electrically con 
a forward - phase - control dimming system . The two - wire nected in series between the AC power source 504 and the 
load control device includes a controllably conductive load 506 . The load control device 502 has a hot terminal H 
device that operates in a non - conductive state during a first coupled to the AC power source 504 and a dimmed - hot 
portion of a half - cycle of an alternating current ( AC ) wave - 25 terminal DH coupled to the electrical load 506 . The two 
form provided to the device , and in a conductive state during wire load control device 502 may be operable to control an 
a second portion of the half - cycle . As shown in FIG . 2A , amount of power delivered from the AC power source 504 
when the controllably conductive device is in a non - con - to the load 506 . For example , the two - wire load control 
ductive state for the entire half - cycle ( i . e . , when the first device 502 may be an electronic switch or dimmer . 
portion has a duration equal to that of the entire half - cycle , 30 As defined herein , a “ two - wire ” load control device does 
and the second portion has a duration of zero ) , the AC line not require a require a direct connection to the neutral side 
voltage is dropped across the load control device 106 for the N of the AC power source 504 . In other words , all currents 
entire half - cycle . conducted by the two - wire load control device must also be 

As shown in FIGS . 2B - 2D , the controllably conductive conducted through the load 506 . A two - wire load control 
device operates in the non - conductive state for less than the 35 device may have only two terminals ( i . e . , the hot terminal H 
entire half - cycle . That is , the controllably conductive device and the dimmed hot terminal DH as shown in FIG . 5 ) . 
operates in the non - conductive state from the zero - crossing Alternatively , a two - wire load control device ( as defined 
at the beginning of the half - cycle only to a certain point , A , herein ) could comprise a three - way load control device that 
within the half - cycle . The gate of the controllably conduc may be used in , for example , a three - way lighting system 
tive device is triggered at time A , after which the control - 40 and has at least three load terminals , but does not require a 
lably conductive device operates in the conductive state until neutral connection . In addition , a two - wire load control 
it commutates to off at the next zero crossing ( i . e . , at the end device may comprise an additional connection that provides 
of the half - cycle ) . for communication with a remote control device ( for 
As shown in FIG . 2B , at a relatively low load control remotely controlling the load control device ) , but does not 

setting ( e . g . , a low - end dimming level ) , the first portion 202 45 require the load control device to be directly connected to 
of the half - cycle may have a duration that is greater than neutral . 
50 % of the half - cycle . As shown in FIG . 2C , at a mid - level The two - wire load control device 502 may include a 
load control setting , the first portion 202 of the half - cycle controllably conductive device 508 adapted to be electrically 
may have a duration of about 50 % of the half - cycle . As coupled between the AC power source 504 and the load 506 . 
shown in FIG . 2D , at a relatively high load control setting 50 For example , the controllably conductive device 508 may be 
( e . g . , a high - end dimming level ) , the first portion 202 of the operable between a non - conductive state in which the AC 
half - cycle may have a duration that is less than 50 % of the input voltage from the AC power source 504 is not delivered 
half - cycle . to the load 506 and a conductive state in which the AC input 

FIGS . 3A - 3D depict example phase - control waveforms voltage from the AC power source 504 passes through the 
representing voltage across the corresponding load ( i . e . , the 55 controllably conductive device 508 and is delivered to the 
dimmed - hot voltage ) in a forward - phase - control dimming load 506 . The controllably conductive device 508 may be 
system . As shown , the voltage waveforms depicted in FIGS . referred to as “ off ” when in the non - conductive state and 
3A - 3D are complementary to the waveforms depicted in “ on ” when in the conductive state . 
FIGS . 2A - 2D . That is , when the controllably conductive The controllably conductive device 508 may be a bidi 
device is in the non - conductive state , there is a voltage drop 60 rectional semiconductor switch , for example , a thyristor , 
across the two - wire load control device and no voltage drop such as a triac . However it should be appreciated that the 
across the load . Conversely , when the controllably conduc - controllably conductive device 508 of the two - wire load 
tive device is in the conductive state , there is a voltage drop control device 502 is not limited to a triac and that the 
across the load and no voltage drop across the two - wire load two - wire load control device 502 may include any suitable 
control device 65 controllably conductive device , such as , for example , a 
FIGS . 4A - 4D depict example phase - control waveforms relay , one or more field - effect transistors ( FETS ) , a FET in a 

representing load current supplied to the load in a forward - rectifier bridge , two FETs in anti - series connection , one or 
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more silicon - controlled rectifiers ( SCRs ) , or one or more from the firing time through the end of the half - cycle . If the 
insulated - gate bipolar junction transistors ( IGBTs ) . controllably conductive device 508 is implemented as two 

The two - wire load control device 502 may include a FETs in anti - series connected , the controller may be con 
control circuit ( e . g . , a controller 510 ) that may be configured figured to operate the controllably conductive device 508 
to control various functional aspects of the two - wire load 5 from the non - conductive state to the conductive state at the 
control device 502 , such as operation of the controllably firing time for a duration of the prescribed interval and , upon 
conductive device 508 . The controller 510 may include one expiration of the interval , to operate the controllably con 
or more components , such as processors ( e . g . , microproces - ductive device 508 from the conductive state to the non 
sors ) , microcontrollers , integrated circuits ( e . g . , field pro - conductive state . The expiration of the interval may sub 
grammable gate arrays or application - specific integrated 10 stantially coincide with a subsequent , consecutive zero 
circuits ) , or the like , in any combination . For example , the crossing event associated with the AC input voltage wave 
controller 510 may include a processor ( not shown ) that may form . 
execute computer - executable instructions in order to control The duration of the interval during which the controllably 
one or more functional aspects of the two - wire load control conductive device 508 is operating in the non - conductive 
device 502 . 15 state may correspond to a first portion 202 of a half - cycle of 

The two - wire load control device 502 may include a a waveform ( e . g . , as depicted in FIGS . 2B - 2D , 3B - 3D , and 
memory 512 . The memory 512 may be communicatively 4B - 4D ) . Upon expiration of the interval , for example at 
coupled to the controller 510 and may operate to store point " A , " the controller 510 may operate the controllably 
information such as computer - executable instructions , con conductive device 508 from the non - conductive state to the 
figuration settings associated with operation of the two - wire 20 conductive state for a second portion 204 of the half - cycle 
load control device 502 , or the like . The memory 512 may that may correspond to substantially an entirety of a remain 
include any component suitable for storing the information . der of the half - cycle . The controller 510 may determine the 
For example , the memory 512 may include one or more duration of the interval , for example , in accordance a desired 
components of volatile and / or non - volatile memory , in any dimming level of the load 506 that may be communicated to 
combination . The memory 512 may be internal and / or 25 the controller 510 . It should be appreciated that the two - wire 
external with respect to the controller 510 . For example , the load control device 502 need not include the drive circuit 
memory 512 and the controller 510 may be integrated within 514 . For example , the functionality of the drive circuit 514 
a microchip . During operation of the two - wire load control may be integrated into the controller 510 such that the 
device 502 , the controller 510 may store and / or retrieve controller may directly cause the controllably conductive 
information , for instance the computer - executable instruc - 30 device 508 to operate between the respective non - conduc 
tions , from the memory 512 . It should be appreciated that tive and conductive states in accordance with the prescribed 
functionality of the controller 510 may include any combi - interval . 
nation of hardware , firmware , and / or software . The controller 510 may be configured to perform one or 

The controller 510 may be configured to control operation more measurement and / or computational operations in order 
of the controllably conductive device 508 . For example , the 35 to compute an estimate of real - time power consumption of 
controller 510 may cause the controllably conductive device the load 506 when the controllably conductive device 508 
508 to operate between the conductive and non - conductive operates in the conductive state . The controller 510 may be 
states , respectively . configured to obtain voltage data pertaining to a voltage 

The two - wire load control device 502 may include a drive drop across the two - wire load control device 502 during a 
circuit 514 that is electrically connected between the con - 40 first portion ( e . g . , the first portion 202 ) of at least one 
troller 510 and the controllably conductive device 508 and half - cycle of an AC waveform generated by the source 504 . 
is communicatively coupled to the controller 510 . The drive The controller 510 may be further configured to measure a 
circuit 514 may include circuitry configured to convert current through the two - wire load control device 502 during 
control signals issued by the controller 510 into triggering a second portion ( e . g . , the second portion 204 ) of the at least 
signals that may trigger the controllably conductive device 45 one half - cycle of the AC waveform . The current through the 
508 to operate between the non - conductive state and the two - wire load control device 502 may be representative of 
conductive state . a load current delivered to the load 506 during the second 

The controller 510 may issue control signals to the drive portion of the at least one half - cycle of the AC waveform . 
circuit 514 in accordance with a prescribed interval . For The controller 510 may be further configured to extrapolate 
example , the controller 510 may detect , or otherwise be 50 an estimate of a voltage drop across the load 506 during the 
made aware of ( e . g . , via a zero - cross detection circuit ( not second portion of the at least one half - cycle of the AC 
shown ) ) , a zero crossing event associated with an AC waveform when the voltage drop across the two - wire load 
waveform generated by the AC power source 504 . The control device is substantially zero . The controller 510 may 
controller 510 may be configured to issue a control signal to extrapolate the estimate of the voltage drop across the load 
the drive circuit 514 to operate the controllably conductive 55 506 based upon the voltage data obtained by the controller 
device 508 from the non - conductive state to the conductive 510 during the first portion of the at least one half - cycle of 
state ( i . e . , to render the controllably conductive device the AC waveform . 
conductive ) at a firing time during a half - cycle ( e . g . , at point Referring additionally to FIG . 6A , the controller 510 may 
A as shown in FIGS . 2A - 4D ) . The controller 510 may time be configured to sample voltage data pertaining to the 
the firing of the controllably conductive device 508 from the 60 voltage drop across the two - wire load control device 502 
previous zero - crossing as determined from the zero - cross during the first portion of the at least one half - cycle of the 
detection circuit . When the controllably conductive device AC waveform , for instance during the prescribed interval . 
508 is implemented as a triac , the triac will become non - The controller 510 may operate to determine an operating , 
conductive when the load current through the triac drops or fundamental , frequency of the AC waveform generated by 
below a rated holding current of the triac at the end of the 65 the source 504 , for example , by measuring the lengths of one 
half - cycle . Accordingly , the controllably conductive device or more half - cycles . For example , the controller 510 may be 
508 is rendered conductive for a duration of the interval operable to measure the time from one zero - crossing to the 



US 10 , 082 , 815 B2 
10 

next zero - crossing and to average the measured half - cycles age of the AC waveform . The values of t , and / or Vmax may 
lengths over time . The fundamental frequency may corre - be stored in the memory 512 . 
spond with a period To representative of a full cycle of the Referring additionally to FIG . 6B , the controller 510 may 
AC waveform and with a period T , representative of a be configured to extrapolate one or more values of estimated 
half - cycle of the AC waveform . The controller 510 may 5 voltage corresponding to a voltage drop across the load 506 
determine a sampling interval T , such that a suitable number during the second portion of the at least one half - cycle of the 
of voltage values corresponding to the voltage drop across AC waveform , during which the voltage drop across the 
the two - wire load control device 502 are collected during the two - wire load control device 502 is substantially zero volts . 
first portion of the at least one half - cycle of the AC wave The extrapolated voltage values may correspond to , and may 
form . The sampling interval T , may be determined in accor 10 be representative of , the magnitude of the voltage generated 

across the load control device during the second portion of dance with the fundamental frequency ( e . g . , the period T . ) . the half - cycle . The controller 510 may extrapolate the esti The controller 510 may store voltage data corresponding to mated voltage values based upon the voltage values sampled the respective sampled voltage values ( e . g . , in the memory during the first portion of the at least one half - cycle of the 512 ) . 15 AC waveform and / or the peak voltage V mar , for example . 
The controller 510 may be configured to sample voltage The extrapolated voltage values ( e . g . , V . , V . . . V ) 

values of the AC waveform generated by the source 504 in values of the AC waveform generated by the source 504 in may correspond to m number of sampling times ( e . g . , te , 
accordance with the sampling interval Tg . For example , the to . . . t ) after the switching of the controllably conductive 
controller 510 may sample voltage values of the AC wave - device 508 from the non - conductive state to the conductive 
form ( e . g . , V1 , V2 , . . . Vn ) that correspond to n number of 20 state . The duration of the extrapolated voltage intervals may 
sampling times ( e . g . , t? , t2 , . . . ty ) after a zero crossing be equal to , shorter than , or longer than the sampling interval 
( represented by to and V . ) . The controller 510 may sample T . Similarly , the number m of extrapolated voltage values 
the voltage waveform with a voltage measuring circuit . For may be equal to , less than , or greater than the number n of 
example , the two - wire load control device 502 may include sampled voltage values . The extrapolated voltage values 
a voltage measuring circuit , such as a voltage divider 516 . 25 may be used to construct a waveform that may be comple 
The voltage divider 516 may be used to measure a voltage mentary to the portion of the AC waveform observed by the 
drop across the two - wire load control device 502 , for controller 510 during the first portion of the at least one 
instance when the controllably conductive device 508 oper - half - cycle , for example as illustrated in FIG . 6B . The 
ates in the non - conductive state such that AC from the controller 510 may store voltage data corresponding to the 
source 504 is not delivered to the load 506 . 30 respective extrapolated voltage values ( e . g . , in the memory 

The voltage divider 516 includes resistors R1 and R2 that 512 ) . 
are electrically connected to each other at point B and in The two - wire load control device 502 may include a 
series between points A and C . The voltage at points A and signal generator 522 . The signal generator 522 may generate 
C may be representative of the voltage drop across the one or more complementary voltage waveforms , or fill 
two - wire load control device 502 . The respective resistances 35 signals , based for example , on the extrapolated voltage 
of R1 and R2 may be larger than any resistance that may be values of the voltage drop across the load 506 during the 
observed at the load 506 , such that the resistance of the load second portion of the at least one half - cycle of the AC 
506 is essentially zero ohms relative to the resistances of waveform . For example , the controller 510 may retrieve the 
resistors R1 and R2 , respectively . The controller 510 may voltage data sampled during the first portion of the half 
receive a control signal Vout from the voltage divider 516 40 cycle of the AC waveform from the memory 512 and may 
that is representative of the voltage drop across the two - wire provide the voltage data to the signal generator 522 . The 
load control device 502 . signal generator 522 may generate one or more complemen 

The controller 510 may be configured to stop sampling tary voltage waveforms based upon the voltage data that 
the voltage waveform approximately when the controllably may be representative of approximations of respective volt 
conductive device 508 is switched from the non - conductive 45 ages across the load 506 , for instance when the controllably 
state to the conductive state , for example substantially conductive device 508 is in the conductive state and the 
coincident with the generation of a corresponding triggering voltage drop across the two - wire load control device 502 is 
signal by the controller 510 . During the second portion of substantially zero volts . The signal generator 522 may 
the at least one half - cycle of the AC waveform , the control - generate the one or more complementary voltage waveforms 
ler 510 may be configured to extrapolate estimated values of 50 in accordance with one or more waveform creation schemes , 
voltage representative of a voltage drop across the load 506 as illustrated in FIGS . 7A - 7E . 
during the second portion of the at least one half - cycle . The The controller 510 may be configured to calculate one or 
controller 510 may begin extrapolating voltage values rep - more values corresponding to a real - time amount of power 
resentative of the voltage drop across the load 506 substan - consumed by the load 506 during the second portion of the 
tially coincident with the switching of the controllably 55 at least one half - cycle of the AC waveform . For example , the 
conductive device 508 from the non - conductive state to the one or more values of power consumed by the load may be 
conductive state . calculated based on the extrapolated voltage values and 

The controller 510 may be configured to determine a corresponding measurements of current through the two 
firing phase angle of the controllably conductive device 508 wire load control device 502 . The controller 510 may be 
when the controllably conductive device 508 is switched 60 configured to measure current through the two - wire load 
from the non - conductive state to the conductive state . For control device at one or more points in time during the 
instance , the controller may derive the firing phase angle second portion of the at least one half - cycle of the AC 
based upon a firing time t , at which the controllably con waveform , which may be representative of a current deliv 
ductive device 508 was switched , or fired , and the period Th e red to the load 506 during the second portion of the at least 
corresponding to the length of the at least one half - cycle . 65 one half - cycle of the AC waveform . For example , the 
The controller 510 may be configured to determine an two - wire load control device 502 may include a current 
estimate Vmax of a corresponding maximum , or peak , volt measuring circuit . 
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The two - wire load control device 502 may include a the controller 510 . The controller 510 , A / D converter 520 , 
current measuring circuit 518 that includes a resistor R3 and signal generator 522 could all be implemented on a 
( e . g . , a micro - Ohm resistor ) that may be used to measure a single integrated circuit . 
current through the two - wire load control device 502 , for The load control device 502 may also include a power 
instance when the controllably conductive device 508 is in 5 measurement chip ( not shown ) . The power measurement 
the conductive state . The controller 510 may be configured chip , which may be a MAXIM integrated circuit , for 
to measure a voltage drop across the resistor R3 . For example part number 78M6613 , that may be external to the 
instance , the controller 510 may receive inputs V , and Ve controller . A signal representing the voltage across the load 
that are representative of respective values of line voltage at may be provided to the power measurement chip . The power 
points D and E . The resistance of the resistor R3 may be 10 measurement chip may compute the power being consumed 
known to the controller 510 , for instance stored in the by the load , and communicate such power computations 

serially with the controller . memory 512 . The controller 510 may use the respective FIGS . 7A - 7E depict example voltage waveforms . The 
values of VD and Ve and the resistance of R3 to calculate the illustrated voltage waveforms are representative of AC volt load current through the two - wire load control device 502 . 4 . 15 age over time for two half - cycles that are substantially The controller 510 may sample the current through the consecutive in time . Both half - cycles of each voltage wave 
two - wire load control device 502 substantially coincident form include respective first and second portions . The first 
with the sampling intervals corresponding to the extrapo - portion 700 of each half - cycle , illustrated in solid line , 
lated voltage values ( e . g . , at toto . . . tom ) . The controller represents a portion of the voltage waveform that may be 
510 may store current data corresponding to the respective 20 observed by the two - wire load control device 502 , for 
extrapolated voltage values ( e . g . , in the memory 512 ) . instance when the controllably conductive device 508 is in 

The controller 510 may calculate an amount of power the non - conductive state such that an AC line voltage 
consumed by the load 506 during the second portion of the supplied by the source 504 is dropped across the two - wire 
at least one half - cycle of the AC waveform . For example , the load control device 502 . 
controller 510 may calculate one or more values correspond - 25 With reference to FIG . 7A , the second portions 702 , 704 , 
ing to an amount of power consumed by the load 506 based and 706 of each half - cycle , illustrated in dashed line , rep 
on the product of one or more of the extrapolated voltage resent portions of the voltage waveform that correspond to 
values and corresponding ones of the measured current respective voltage drops across the load 506 , for instance 
values . The controller 510 may calculate a plurality of when the controllably conductive device 508 is in the 
values of power consumed by the load 506 during the second 30 conductive state . The two - wire load control device 502 is 
portion of the at least one half - cycle of the AC waveform incapable of measuring the voltage drops across the load 
may be calculated ( e . g . , in real time ) and may store the 506 , and is thus incapable of observing the voltage wave 
plurality of values ( e . g . , in the memory 512 ) . form ( e . g . , second portions 702 , 704 , and 706 ) during the 

The controller 510 may use power values and / or the second portion of each half - cycle when the controllably 
underlying voltage / current values ( e . g . , corresponding 35 conductive device 508 is in the conductive state . However a 
sampled voltage and sampled current values , for example , representation of the voltage waveform during the second 
and / or corresponding extrapolated voltage values and portion of each half - cycle may be extrapolated , for example 
sampled current values , for example ) to determine average by the signal generator 522 , from the observed first portion 
power . For example , the average power may be obtained by 700 , such that each second portion is substantially comple 
multiplying instantaneous values of the voltage and current , 40 mentary with a corresponding first portion 700 . Second 
summing the values over a time period , and then dividing by portions 702 , 704 , and 706 , represent a relatively low load 
the corresponding number of samples in the time period . For control setting , a mid - level load control setting , and a 
example , the average power may be obtained by summing relatively high load control setting , respectively . 
power values over a time period and then dividing by the With reference to FIGS . 7B - 7E , the second portion of 
corresponding number of values in the time period . The time 45 each half - cycle represents a portion of the voltage wave 
period may be selected to average over some or all of the form , or fill signal , that may be extrapolated such that each 
conductive portion of the half - cycle , over some or all of the second portion is substantially complementary with a cor 
non - conductive portion of the half - cycle , and / or a combi responding first portion 700 . The extrapolated second por 
nation of some or all of conductive portion and non - tion of each half - cycle may be representative of a voltage 
conductive portion of the half - cycle . The time period may be 50 drop across the load 506 during the second portion of the 
selected to average over some or all of one or more half - half - cycle , for instance when the controllably conductive 
cycles . The controller 510 , as described above , may store device 508 is in the conductive state and the voltage drop 
these values ( e . g . , average power values , instantaneous across the two - wire load control device 502 is substantially 
power values , and / or the underlying voltage / current values ) zero . Thus , each fill signal may be representative of the 
in any combination , in memory ( e . g . , in memory 512 ) . The 55 magnitude of the voltage generated across the load control 
average power consumption of the load 506 may be stored device during the second portion of the half - cycle . 
and / or may be reported by the controller 510 , for instance in FIG . 7B depicts second portions 702 , 704 , and 706 that 
accordance with one or more power reporting schemes , as comprise step - sine waveforms that may complement corre 
described in more detail below . sponding first portions 700 of the voltage waveforms . Each 

The two - wire load control device 502 may include an 60 step - sine waveform may represent a composite of multiple 
analog to digital ( A / D ) converter 520 that may be electri - square waves of varying duration , or width , and amplitude , 
cally connected between the controller 510 and points B , D , such that the composite step - sine waveform may approxi 
and E , respectively . The A / D Converter 520 may receive mate the voltage waveform corresponding to the voltage 
respective analog waveform information associated with the drop across the load 506 during the second portion of each 
inputs VD , VE , and Vout , may convert the analog waveform 65 half - cycle . The step - sine - wave may include steps based on 
information into respective digital waveform information , at least one pulse - width modulated signal , such as a pulse 
and may communicate the digital waveform information to width modulated signal generated by the controller 510 . The 
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step - sine - wave may include steps based on one or more further be appreciated that the signal generator 522 is not 
phase correction corresponding to a zero - crossing detected limited to the above - described complementary voltage 
by the controller 510 . The number of steps and the duration waveforms and that the signal generator 522 may be con 
and / or amplitude of each step of a step - sine waveform may figured to generate any suitable complementary voltage 
be determined in accordance with operation of the control - 5 waveform , as desired . For example , the signal generation 
lably conductive device 508 . techniques described in commonly - assigned U . S . patent 

FIG . 7C depicts second portions 702 , 704 , and 706 that application Ser . No . 13 / 793 , 245 , entitled TWO - WIRE DIM 
comprise square wave waveforms having constant ampli - MER SWITCH WITH FILTER , filed Mar . 11 , 2013 , which 
tude that may complement corresponding first portions 700 is hereby incorporated by reference , may be used . 
of the voltage waveforms . The respective durations , and thus 10 Referring again to FIG . 5 , the two - wire load control 
the widths , of the square waves may be set such that the device 502 may include a user interface 524 that is com 
square wave waveforms may approximate the voltage wave - municatively coupled to the controller 510 . The user inter 
form corresponding to the voltage drop across the load 506 face 524 may include any component suitable for presenting 
during the second portion of each half - cycle . The duration of information to and / or receiving information from a user of 
each square wave may be determined in accordance with 15 the two - wire load control device 502 . For example , the user 
operation of the controllably conductive device 508 . For interface 524 may include one or more manually operated 
example , the square wave may have a relatively short input devices ( not shown ) such as buttons , switches , sliders , 
duration in accordance with a relatively low load control or the like . The user interface 524 may include a display ( not 
setting , and may have increasingly longer durations in shown ) comprising one or more Light Emitting Diode 
accordance a mid - level load control setting and a relatively 20 ( LED ) indicators , a Liquid Crystal Display ( LCD ) , a touch 
high load control setting , respectively . screen display , or the like , in any combination . The control 

FIG . 7D depicts second portions 702 , 704 , and 706 that ler 510 may receive commands , configuration information , 
comprise square wave waveforms having different durations or the like , indicated by a user via the user interface 524 . The 
and / or amplitudes that may complement corresponding first controller 510 may provide information for presentation via 
portions 700 of the voltage waveforms . The respective 25 the user interface , information 524 , such as a present dim 
durations and / or amplitudes of the square waves may be set ming level of the two - wire load control device 502 , respec 
such that the square wave waveforms may approximate the tive confirmations of one or more commands received from 
voltage waveform corresponding to the voltage drop across the user and executed by the controller 510 , or the like . For 
the load 506 during the second portion of each half - cycle . example , the controller 510 may receive input entered by a 
The duration and / or amplitude of each square wave may be 30 user via the user interface 524 , such as an indication of a 
determined in accordance with operation of the controllably desired dimming level , and may confirm receipt and / or or 
conductive device 508 . For example , the respective ampli - execution of the desired dimming level via the user interface 
tudes of the square waves may be set so as to substantially 524 , for instance by rendering an indication on the display . 
match the amplitudes of the first portions 700 when the The two - wire load control device 502 may include a 
controllably conductive device 508 is operated from the 35 communication circuit 526 that is communicatively coupled 
non - conductive state to the conductive state . to the controller 510 . The communication circuit 526 may 

FIG . 7E depicts second portions 702 , 704 , and 706 that include one or more components operable for the transmis 
comprise triangle wave waveforms that may complement sion and / or reception of information comprising signals 
corresponding first portions 700 of the voltage waveforms . and / or data . For instance , the communication circuit 526 
Each triangle wave may include one or more segments 40 may include a transceiver , a modem , and / or the like . The 
having the same or different angles with respect to each controller 510 may be configured to receive commands 
other , such that the triangle wave may approximate the and / or configuration information pertaining to operation of 
voltage waveform corresponding to the voltage drop across the two - wire load control device 502 via the communication 
the load 506 during the second portion of each half - cycle . circuit 526 . For example , the controller 510 may receive 
The number of segments and a corresponding angle of each 45 information , such as operational commands , via the com 
segment of a triangle wave may be determined in accor - munication circuit 526 from one or more external devices 
dance with operation of the controllably conductive device such as a central controller or transmitter , an energy man 
508 . For example , the triangle wave may have a single agement system ( EMS ) , a communication device associated 
segment in accordance with a relatively low load control with a user of the two - wire load control device 502 ( e . g . , a 
setting and a mid - level load control setting , respectively , and 50 smart phone , computer , etc . ) , or the like . The controller 510 
may have two segments having differing angles with respect may be configured to transmit information via the commu 
to each other in accordance with a relatively high load nication circuit 526 . For example , the controller 510 may be 
control setting configured to generate one or more reports pertaining to 

Any of the above - described complementary voltage operation of the load control system 500 and to communi 
waveforms may be extrapolated based on the respective first 55 cate the one or more reports to a device external to the 
portions 700 of a corresponding voltage waveform . The two - wire load control device 502 , such as an EMS . 
complementary voltage waveforms may be extrapolated The communication circuit 526 may be configured with 
and / or generated by the signal generator 522 . It should be respective capabilities to transmit and / or receive informa 
appreciated that a complementary voltage waveform gener tion in accordance with one or more communication 
ated by the signal generator 522 may comprise any combi - 60 schemes , as desired . For example , the communication cir 
nation of the above - described complementary voltage wave - cuit 526 may be configured to be capable of transmitting and 
forms . For example , a complementary voltage waveform receiving information via radio frequency ( RF ) communi 
may have a first section generated in accordance with a first cation , infrared ( IR ) communication , low voltage commu 
one of the complementary waveforms , may have a second nication such as low - voltage differential signaling ( LVDS ) , 
section generated in accordance with a second one of the 65 and / or power line communication ( PLC ) schemes . 
complementary waveforms that is different than the first one The two - wire load control device 502 may include a 
of the complementary waveforms , and so on . It should power supply 528 that is configured to supply power to one 
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or more components of the two - wire load control device ally , during the second portion of the half - cycle a current 
502 , for instance when the controllably conductive device through the two - wire load control device 502 may be 
508 is in the conductive state . The power supply 528 may be representative of the AC being drawn by the load 506 , that 
configured to accumulate and store electricity when a volt is the AC being supplied to the load 506 by the source 504 
age associated with the source 504 is dropped across the 5 during the second portion of the half - cycle when the con 
two - wire load control device 502 , for instance when the trollably conductive device 508 is on . 
controllably conductive device 508 is in the non - conductive At 808 , the load current conducted through the two - wire 
state . The stored electricity may be used to supply power to load control device 502 during the second portion of the 
one or more components of the two - wire load control device half - cycle , while the controllably conductive device is on , 
502 . 10 may be measured . For example , the controller 510 may 

It should be appreciated that one or more of the above - measure the current through the two - wire load control 
described components of the two - wire load control device , device 502 by using the current measuring circuit . The 
such as the memory 512 , the drive circuit 514 , the voltage measured value of current may be stored in the memory 512 . 
measuring circuit ( e . g . , the voltage divider 516 ) , current At 810 , a voltage drop across the load 506 during the 
measuring circuit 518 , the A / D converter 520 , the signal 15 second portion of the half - cycle may be estimated . For 
generator 522 , the user interface 524 , and / or the communi - example , the signal generator 522 may extrapolate a voltage 
cation circuit 526 , may be at least partially integrated ( e . g . , waveform that may be representative of the voltage wave 
completely integrated ) with the controller 510 , for example form across the load 506 during the second portion of each 
within a single microchip , such as an integrated circuit , or half - cycle . The voltage waveform during the second portion 
implemented in software . 20 of the half - cycle may be extrapolated from and / or based 

Rather than controlling the firing angle ( i . e . , the firing upon values of the voltage drop across the two - wire load 
time t ) of the phase - control waveform ( as shown in FIGS . control device 502 measured during the first portion of the 
3A - 3D ) using the forward phase - control technique to thus half - cycle , such that the extrapolated voltage waveform may 
control the amount of power delivered to the load , the load be substantially complementary with the voltage waveform 
control device 502 could alternatively be operable to encode 25 observed during the first portion half - cycle . The voltage 
digital information in the firing angle of the phase - control drop across the load 506 during the second portion of the 
waveform to transmit digital messages to another load half - cycle while the controllably conductive device is on 
control device for controlling the load . An example of such may be estimated using the extrapolated voltage waveform . 
a communication system is described in greater detail in At 812 , a power consumed by the load 506 during the 
commonly - assigned U . S . patent application Ser . No . 13 / 359 , 30 second portion of the half - cycle may be calculated . For 
722 , filed Jan . 27 , 2012 , entitled “ Digital Load Control example the controller 510 may calculate the power con 
System Providing Power and Communication Via Existing sumption of the load 506 by multiplying the current through 
Power Wiring ” , the entire disclosure of which is hereby the two - wire load control device 502 during the second 
incorporated by reference . portion of the half - cycle by the estimated voltage drop 

FIG . 8 depicts a flow diagram of an example method 800 35 across the load 506 during the second portion of the half 
for measuring and reporting of a power consumption of the cycle . The calculated power consumption of the load 506 
load 506 while the load 506 is on ( i . e . , is actively powered during the second portion of the half - cycle may be repre 
or driven by the source 504 ) . At 802 , with the load 506 on , sentative of a real - time estimated power consumption of the 
an AC line voltage may be supplied to the two - wire load load 506 . 
control device 502 by the source 504 . 40 At 814 , the power consumption of the load 506 during the 

At 804 , a voltage drop across the two - wire load control second portion of the half - cycle may be reported as a 
device 502 may be measured while the controllably con - real - time estimate of the power consumption of the load 506 . 
ductive device 508 is in the non - conductive state , for R eporting the real - time estimate of the power consumption 
example throughout a duration of a first portion of a half of the load 506 may comprise the controller 510 causing the 
cycle . The voltage drop across the two - wire load control 45 real - time estimate of the power consumption of the load 506 
device 502 may be measured , or sampled , at one or more to be displayed via the user interface 524 , the controller 510 
select times during the first portion of the half - cycle while causing the real - time estimate of the power consumption of 
the controllably conductive device 508 is off . For example , the load 506 to be communicated to one or more devices 
the controller 510 may measure voltage drop across the external to the two - wire load control device 502 via the 
two - wire load control device 502 by using a voltage mea - 50 communication circuit 526 , or otherwise reporting the real 
suring circuit , such as the voltage divider . The measured time estimate of the power consumption of the load 506 , in 
values of voltage and corresponding select one or more any combination . For example , the controller 510 may cause 
select times may be stored in the memory 512 . The control the real - time estimate of the power consumption of the load 
ler 510 may aggregate the sampled values of voltage into the 506 to be communicated to a central controller or transmit 
first portion 700 of the half - cycle . 55 ter , a lighting management system , an information tracking 

At 806 , the drive circuit 514 may be triggered to operate system , an energy management system ( EMS ) , a commu 
the controllably conductive device 508 from the non - con nication device associated with a user of the two - wire load 
ductive state to the conductive state , for instance at the control device 502 ( e . g . , a smart phone , computer , etc . ) , or 
desired firing time ta . The controllably conductive device the like . An example of a central controller for a load control 
508 may be operated in the conductive state for a second 60 system is described in greater detail in commonly - assigned 
portion of the half - cycle that substantially corresponds to a U . S . Patent Application No . 61 / 654 , 562 , filed Jun . 1 , 2012 , 
remainder of the half - cycle . During the second portion of the entitled “ Load Control System Having Independently - Con 
half - cycle , for example substantially throughout a duration trolled Units Responsive to a Broadcast Transmitter ” , the 
of the second portion of the half - cycle , a voltage approxi - entire disclosure of which is hereby incorporated by refer 
mately equal to the AC line voltage may be dropped across 65 ence . 
the load 506 , such that the voltage drop across the two - wire The real - time estimate of the power consumption of the 
load control device 502 is essentially zero volts . Addition - load 506 may be reported substantially instantaneously ( e . g . , 
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on demand ) , in response to a request received by the a control circuit configured to render the controllably 
controller 510 via the user interface 524 and / or the commu conductive device non - conductive during a first portion 
nication circuit 526 . For example , the controller 510 may of a half - cycle of an AC waveform and render the 
receive a query ( e . g . , a broadcast generated by a lighting controllably conductive device conductive during a 
control system ) to report the average power consumption of 5 second portion of the half - cycle to control the amount 
the load 506 . Additionally , real - time estimates of the power of power delivered to the lighting load ; 
consumption of the load 506 may be calculated and / or a voltage measuring circuit configured to measure a 
reported in accordance with one or more periodic reporting voltage across the two - wire lighting control device 

during the first portion of the half - cycle ; schemes . 
The controller may be configured to repeatedly perform 10 a signal generator configured to generate a complemen 

tary voltage waveform that approximates a voltage the method 800 for measuring and reporting of a power across the lighting load during the second portion of the consumption of the load 506 in accordance with the periodic half - cycle , wherein the complementary voltage wave reporting scheme . In this regard , the controller 510 may form is based on the voltage measured across the calculate multiple instances ( e . g . , a plurality of instances ) of two - wire lighting control device during the first portion 
real - time estimates of the power consumption of the load 15 of the half - cycle ; and 
506 in accordance with a pre - determined interval . For a current measuring circuit configured to measure a 
example the controller may calculate real - time estimates of current supplied to the lighting load from the two - wire the power consumption of the load 506 on a half - cycle - to lighting control device during the second portion of the half - cycle basis ( e . g . , approximately every 8 . 3 millisec half - cycle ; 
onds ) , or in accordance with any other suitable pre - deter - 20 wherein the control circuit is further configured to com mined interval . The controller 510 may accumulate the pute an estimated amount of power consumed by the 
plurality of instances of the real - time estimates of the power lighting load based on the complementary voltage 
consumption of the load 506 and / or may store the plurality waveform and the current supplied to the lighting load 
of instances of the real - time estimates of the power con during the second portion of the half - cycle . sumption of the load 506 in the memory 512 . 25 2 . The two - wire lighting control device of claim 1 , 
As described above , the controller 510 may calculate wherein the two - wire lighting control device comprises a average power . The controller 510 may cause the average 

real - time estimate of the power consumption of the load 506 3 The two - wire lighting control device of claim 1 
to be reported periodically in accordance with a periodic wherein the controllably conductive device comprises a 
reporting scheme , for example in four ( 4 ) minute intervals , 30 triac . triac . 
in fifteen ( 15 ) minute intervals , once every half hour , or in 4 . The two - wire lighting control device of claim 1 , 
accordance with any other periodic reporting scheme as wherein the control circuit is configured to control the 
desired . A frequency with which the real - time estimates of controllably conductive device using forward phase control the power consumption of the load 506 are reported may be to control the amount of power delivered to the lighting load . 
varied . For example , the frequency of reporting may be 35 5 . The two - wire lighting control device of claim 1 . 
increased or decreased when demand for power in one or wherein the lighting load is a light emitting diode lighting 
more section of the power grid reaches crosses a pre - load 
determined threshold . 6 . The two - wire lighting control device of claim 1 , 

It should be appreciated that the controller 510 may wherein the voltage measuring circuit comprises a voltage 
comprise a processor adapted to carry out one or more steps 40 divider 
of the above - described method 800 . The method and appa 7 . The two - wire lighting control device of claim 1 , ratuses for measurement and / or reporting of the power wherein the current measuring circuit comprises a micro 
consumption of a load controlled by a two - wire load control ohm resistor . device described above may be adapted for use in reverse 8 . The two - wire lighting control device of claim 1 , phase - control load control systems . 45 wherein the control circuit is configured to report the esti 
What is claimed : mated amount of power consumed by the lighting load . 
1 . A two - wire lighting control device for controlling an 9 . The two - wire lighting control device of claim 1 , 

amount of power delivered from an alternating current ( AC ) wherein the complementary voltage waveform comprises a 
power source to a lighting load , the two - wire lighting control 50 step - sine wave . 
device comprising : 10 . The two - wire lighting control device of claim 1 , 

a controllably conductive device configured to be coupled wherein the complementary voltage waveform comprises a 
in series electrical connection between the AC power square wave . 
source and the lighting load ; * * * * * 


